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BACKGROUND OF THE INVENTION 
1. FIELD OF THE INVENTION 

This invention relates generally to connectors, and, more particularly, to a connector 
for electrically coupling one or more devices in a processor-based system. 



DESCRIPTION OF THE RELATED ART 



10 



,q Generally, electrical devices, such as processor-based systems, are comprised of 

ip printed circuit boards (PCBs). These PCBs are commonly electrically coupled together via a 
IU variety of connectors. In addition to the ability to electrically interconnect the PCBs, a 
^ connector may also allow a system designer to physically restrain and orient the PCBs in any 
15 fT desirable manner relative to other PCBs within a processor-board system. Orientation of the 
!*s PCBs, relative to one another or other devices, may be of particular interest to system 
{I designers of server systems, which may include numerous PCBs that interface with each 

other within a finite amount of space available in the system cabinet or housing of the server 

systems. 

20 

It is generally desirable to construct system cabinets of server systems to a certain, 
pre-selected size for delivery and installation reasons. This may be particularly true for 
physically large-sized server systems, such as mid-range server systems or large-scale server 
systems. As an example, for server systems that are relatively large in size, it is useful to 
25 design the cabinet's overall dimension so that the cabinet may pass through conventionally 

sized hallways, doors, elevator openings, and so forth. 
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A single mid-range server system, for example, may have a plurality of system boards 
that may be configured as one or more domains, where a domain, for instance, may act as a 
separate machine by running its own instance of an operating system to perform one or more 
of the configured tasks. 

The benefits of providing substantially independently operating domains within an 
integrated system become readily apparent as customers are able to perform a variety of tasks 
that would otherwise be reserved for several different machines. However, because of the 
large number of boards that may exist within such systems, it may be desirable to have 
connectors that allow one or more boards to be efficiently oriented or positioned relative to 
each other within the system cabinet. 

SUMMARY OF THE INVENTION 

In one aspect of the instant invention, a connector is provided for coupling one or 
more boards together substantially parallel. The connector comprises a first and a second 
supporting member and a first set of electrical connectors adapted to couple to a first board. 
The connector further comprises a second set of electrical connectors disposed between the 
first and second supporting member, wherein the second set of electrical connectors are 
oriented substantially perpendicular to the first set of electrical connectors and wherein the 
second set of electrical connectors are adapted to couple to a second board that is 
substantially parallel to the first board. 

In another aspect of the present invention, a method is provided for coupling one or 
more boards together substantially parallelly. The method comprises coupling a connector to 
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a first printed circuit board. The method further comprises coupling a second printed circuit 
board to the first printed circuit board using the connector, wherein the coupled first and 
second printed circuit boards are substantially parallel to each other. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may be understood by reference to the following description taken in 
conjunction with the accompanying drawings, in which like reference numerals identify like 
elements, and in which: 

Figure 1 shows a stylized block diagram of a system in accordance with one 
embodiment of the present invention; 

Figure 2 illustrates an isometric view of two boards of the system of Figure 1 coupled 
parallelly and coplanarly, in accordance with one embodiment of the present invention; 

Figure 3 depicts an exploded view of a system board, I/O board, and expander board 
of the system of Figure 1, in accordance with one embodiment of the present invention; 

Figure 4 is an isometric view of a connector that may be employed in the system of 
Figure 1 , in accordance with one embodiment of the present invention; 

Figure 5A illustrates an isometric view of a wafer that may be employed by the 
connector of Figure 4, in accordance with one embodiment of the present invention; 
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Figure 5B illustrates an alternative embodiment of a wafer that may be employed by 
the connector of Figure 4, in accordance with one embodiment of the present invention; and 

Figure 6 depicts an isometric view of one of more wafers that may be employed by 
the connector of Figure 4. 

While the invention is susceptible to various modifications and alternative forms, 
specific embodiments thereof have been shown by way of example in the drawings and are 
herein described in detail. It should be understood, however, that the description herein of 
specific embodiments is not intended to limit the invention to the particular forms disclosed, 
but on the contrary, the intention is to cover all modifications, equivalents, and alternatives 
falling within the spirit and scope of the invention as defined by the appended claims. 



DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

Illustrative embodiments of the invention are described below. In the interest of 
clarity, not all features of an actual implementation are described in this specification. It will 
of course be appreciated that in the development of any such actual embodiment, numerous 
implementation-specific decisions must be made to achieve the developers' specific goals, 
such as compliance with system-related and business-related constraints, which will vary 
from one implementation to another. Moreover, it will be appreciated that such a 
development effort might be complex and time-consuming, but would nevertheless be a 
routine undertaking for those of ordinary skill in the art having the benefit of this disclosure. 
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As will be described in more detail below, one or more embodiments of the present 
invention allow coplanar or substantially parallel printed circuit boards to be coupled together 
within a processor-based system. As such, the printed circuit boards of the processor-based 
system may be efficiently oriented or positioned in a manner to fit within a system cabinet of 
a desired size and shape. 

Referring now to Figure 1, a block diagram of a system 10 in accordance with one 
embodiment of the present invention is illustrated. The system 10, in one embodiment, 
includes a plurality ofssystem control boards 15(1-2) triat are coupled to a switch 20. For 



illustrative purposes, lines 21(1-2) are utilized to show that the system control boards 15(1-2) 
are coupled to the switch 20, although it should be appreciated that, in other embodiments, 
the boards 15(1-2) may be coupled to the switch in any of a variety of ways, including by 
edge connectors, cables, or other available interfaces. 

In the illustrated embodiment, the system 10 includes two control boards 15(1-2), one 
for managing the overall operation of the system 10 and the other to provide redundancy and 
automatic failover in the event that the other board fails. Although not so limited, in the 
illustrated embodiment, the first system control board 15(1) serves as a "main" system 
control board, while the second system control board 15(2) serves as an alternate hot-standby 
replaceable system control board. In one embodiment, during any given moment, generally 
one of the two system control boards 15(1-2) actively controls the overall operations of the 
system 10. 

If failures of the hardware or software occur on the main system control board 15(1) 
or failures on any hardware control path from the main system control board 15(1) to other 
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system devices occur, the system controller failover software 22 automatically triggers a 
failover to the alternative control board 15(2). The alternative system control board 15(2), in 
one embodiment, assumes the role of the main system control board 15(1) and takes over the 
main system controller responsibilities. To accomplish the transition from the main system 
5 control board 15(1) to the alternative system control board 15(2), it may be desirable to 

replicate the system controller data, configuration, and/or log files on both of the system 
control boards 15(1-2). The system control boards 15(1-2) in the illustrated embodiment may 
each include a respective control unit 23(1-2). 

10 :% y The system 10, in one embodiment, includes a plurality of system board sets 29(1 -n) 

fa 

s% that are coupled to the switch 20, as indicated by lines 50(l-n). The system board sets 29(1- 

fij n) may be coupled to the switch 20 in one of several ways, including edge connectors or other 

s available interfaces. The switch 20 may serve as a communications conduit for the plurality 

M of system board sets 29(l-n), half of which may be connected on one side of the switch 20 

ru 

1 5 12 31101 the other half on the opposite side of the switch 20. 

The switch 20, in one embodiment, may be an 18x18 crossbar switch that allows 
system board sets 29(l-n) and system control boards 15(1-2) to communicate, if desired. 
Thus, the switch 20 may allow the two system control boards 15(1-2) to communicate with 
20 each other or with other system board sets 29(1 -n), as well as allow the system board sets 

29(l-n) to communicate with each other. 

The system board sets 29(1 -n), in one embodiment, comprise one or more boards, 
including a system board 30, I/O board 35, and expander board 40. The system board 30 may 
25 include processors and associated memories for executing, in one embodiment, applications, 

including portions of an operating system. The 170 board 35 may manage I/O cards, such as 
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peripheral component interface cards and optical cards that are installed in the system 10. 
The expander board 40, in one embodiment, generally acts as a multiplexer (e.g., 2:1 
multiplexer) to allow both the system and I/O boards 30, 35 to interface with the switch 20, 
which, in some instances, may have only one slot for interfacing with both boards 30, 35. 

In one embodiment, the system 10 may be dynamically subdivided into a plurality of 
system domains, where each domain may have a separate boot disk (to execute a specific 
instance of the operating system, for example), separate disk storage, network interfaces, 
and/or I/O interfaces. Each domain, for example, may operate as a separate machine that 
performs a variety of user-configured services. For example, one or more domains may be 
designated as an application server, a web server, database server, and the like. In one 
embodiment, each domain may run its own operating system (e.g., Solaris operating system) 
and may be reconfigured without interrupting the operation of other domains. 

In the illustrated embodiment, an interface 75 couples together one or more 
substantially parallel boards, including boards that lie in the same plane. For example, as 
shown in Figure 1, the interface 75 connects the edges of the expander board 40 and the 
system board 30, both of which lie.substantially in the same plane. As an additional example, 
the interface 75 connects the edges of the expander board 40 and the I/O board 35. Similarly, 
other boards in the system 10 may be coupled to each other using the interface 75, if desired. 

In one embodiment, the interface 75 may also connect boards that are substantially 
parallel to each other, but do not lie in the same plane. For example, as shown in Figure 2A, 
the two boards 210, 215, which are not necessarily in the same plane but are substantially 
parallel to each other, are connected by the interface 75. Two substantially parallel boards 
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210, 215 that are coupled by the interface 75 are hereinafter referred to as "parallelly" 
coupled. Boards 220, 225 that lie substantially in the same plane, as shown in Figure IB, and 
are coupled by the interface 75 are hereinafter referred to as "coplanarly" coupled. As 
utilized herein, the term "parallelly" coupled is intended to include boards that are 
"coplanarly" coupled. 

Referring again to Figure 1 , in the illustrated embodiment, each interface 75 includes 
a first connector 80 and a second connector 82, wherein the first and second connectors 80, 
82 are capable of interfacing with each other. The first and second connectors 80, 82 may 
engage or mate with each other, for example. In one embodiment, the first connector 80 may 
be a male connector and the second connector 82 may be a female connector, or vice-versa. 
For illustrative purposes, it is herein assumed that the first connector 80 is a male connector 
and the second connector 82 is a female connector. 

Referring now to Figure 3, an exploded stylistic view of an exemplary system board 
set 29(l-n) coupled to the switch 20 is illustrated. As is evident from the view of Figure 3, 
the system board 30 and the I/O board 35 may each be coplanarly coupled to the expander 
board 40 by mating the respective connectors 82, 80 of the interface 75. In the illustrated 
embodiment, the system board 30 may include one or more memory units 310 coupled to one 
or more control units 315. Each control unit 315 may be a microprocessor, a microcontroller, 
a digital signal processor, a processor card (including one or more microprocessors or 
controllers), or other control or computing devices. In the illustrated embodiment, the I/O 
board 35 includes one or more controllers for performing one of a variety of control functions 
for the I/O board 35. 
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Referring now to Figure 4, an isometric view of the first connector 80 is illustrated. 
The first connector 80 in the illustrated embodiment includes one or more discrete wafers 410 
that are disposed between a top supporting member 415 and a bottom supporting member 
420. The supporting members 415 and 420 may protect, as well as provide support to, the 
5 wafers 410. An example of the wafer 410 is shown in Figure 5A, and an example of a 

plurality of the wafers 410 positioned adjacent each other is illustrated in Figure 6. The first 
connector 80 further includes one or more guide modules 425, at least one power module 
440, all of which are discussed in more detail below. 

10 ^0 Referring now to Figure 5 A, a stylized isometric view of the wafer 410 that may be 

yd employed in the first connector 80 is illustrated, in accordance with one embodiment. The 

?! i 

pfj wafer 410 in the illustrated embodiment includes a first set 515 of electrical connectors 

f R 

s extending from a first side 520 thereof, and a second set 525 of electrical connectors 
extending from a side 530 adjacent the first side 520. Each set 515, 525 of electrical 
15 " J . connectors may include one or more pins (or ofejerjconductive material). The first set 515 of 
?= electrical. connectors is adapted to engage one or more mating receptacles of the second 
connector 82 (see Figure 1), which, as mentioned, may be a female connector. Those skilled 
in the art will appreciate that one or more conductive paths (not shown) may be disposed 
within each wafer 410 that electrically couple the first set of 515 electrical connectors to the 
20 second set 525 of electrical connectors. 

The second set 525 of electrical connectors, which is oriented substantially 90 degrees 
with respect to the first set 515 of electrical connectors in the illustrated embodiment, is 
adapted to engage a board, which in the illustrated example is the expander 40 (see Figure 1). 
25 In one embodiment, the second set 525 of electrical connectors may be compliant pins, which 



Page 10 of 21 



2070.004500/P6761 



when inserted through one or more openings (shown in Figure 6) of the expander board 40, 
expand and secure the wafer 410 in place. In an alternative embodiment, the second set 525 
of electrical connectors may be pins that are secured using soldering or other available 
techniques. 

The wafer 410 in the illustrated embodiment includes a conductive layer 540. The 
conductive layer 540 is adapted to interface with the second connector 82 and over which 
electrical signals may be transmitted. In one embodiment, the conductive layer 540 may 
serve as ground and serve as a shield to reduce the effects of undesirable fields or signals. 
The conductive layer 540, in one embodiment, is connected to one or more electrical 
connectors 527, which may be compliant pins, for example. The electrical connectors 527 
may be inserted through one or more corresponding openings (shown in Figure 6) of the 
expander board 40. Once inserted, the electrical connectors 527 may electrically couple the 
conductive layer 540 to the expander board 40, as well as aid in securing the wafer 410 to the 
expander board 40. 

Referring now to Figure 5B, an alternative embodiment of a wafer 410a is illustrated. 
The wafer 410a in the illustrated embodiment includes the first set 515 of electrical 
connectors extending from the first side 520 thereof, and the second set 525 of electrical 
connectors extending from a side 530 adjacent the first side 520. In the illustrated 
embodiment, the first set 515 includes six pins, where each pin has a corresponding pin in the 
second set 525 of electrical connectors. The first set 515 of electrical connectors is adapted 



to engage one or more mating receptacles of the second connector 82 (see Figure 1), which, 



as mentioned, may be a female connector. 
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The second set 525 of electrical connectors, which is oriented substantially 90 degrees 
with respect to the first set 515 of electrical connectors in the illustrated embodiment, is 
adapted to engage a board, which in the illustrated example is the expander 40 (see Figure 1). 
In one embodiment, the second set 525 of electrical connectors may be compliant pins, which 
when inserted through one or more openings (shown in Figure 6) of the expander board 40, 
expand and secure the wafer 4 1 0a in place. 

The wafer 410a in the illustrated embodiment includes a conductive layer 540 (shown 
using Crosshatch). The conductive layer 540 is adapted to interface with the second 
connector 82 and over which electrical signals may be transmitted. In one embodiment, the 
conductive layer 540 may serve as ground and serve as a shield to reduce the effects of 
undesirable fields or signals. The conductive layer 540, in one embodiment, is connected to 
one or more electrical connectors 527, which may be compliant pins, for example. The 
electrical connectors 527 may be inserted through one or more corresponding openings 
(shown in Figure 6) of the expander board 40. Once inserted, the electrical connectors 527 
may electrically couple the conductive layer 540 to the expander board 40, as well as aid in 
securing the wafer 410a to the expander board 40. 

Referring now to Figure 6, a plurality of wafers 410 placed adjacent each other are 
shown. As mentioned, the first connector 80 may include one or more wafers 410. The 
number of wafers 410 utilized in the first connector 80 is a matter of design choice. The 
plurality of wafers 410, in one embodiment, are secured and protected by the supporting 
members 415, 420 (not shown in Figure 6 for clarity and ease of illustration, but are shown in 
Figure 4). As shown, the second set 525 of electrical connectors of each wafer 410 may be 
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inserted in a set 610 of corresponding openings of the expander board 40. The second set 525 
of pins, once inserted in the set 610 of openings, may expand and hold the wafer 410 in place. 



Referring again to Figure 4, the first connector 80 includes one or more guide 
modules 425. The guide modules 425 aid in aligning the first connector 80 with the second 
connector 82. For example, as the first connector 80 is coupled to the second connector 82, 
the guide modules 425 may be inserted in guide receptacles (not shown) of the second 
connector 82 for proper and easy alignment. The shape and size of the guide modules 425 
may vary from one implementation to another, but generally, a guide pin 426 extends from 
the guide module 425 in a direction generally toward the second connector 82. The guide pin 
426 engages a corresponding opening formed in the second connector 82 such that the first 
and second connectors 80, 82 slidingly engage one another with the set. 515 of electrical 
connectors in the wafer 410 of the first connector 80 aligned with corresponding receptacles 
in the corresponding wafers (not shown) of the second connector 82. 



In the illustrated embodiment, the first connector 80 includes at leaSZoaejoinder 
module-43'OTNThe joinder module 430 allows one or more connectors 80 to be connected in 




In one embodiment, the joinder module 430,. which may itself connect the connectors 



/is secured to the ex pansion-bg a^^ 4^^Any suita ble manner of securely joining one or 
more first connectors 80 to each other" may be employed. 



The first connector 80, in the illustrated embodiment, includes at least one power 

module 440. The power module 440 is adapted to receive power from a power supply source 
*^ — _ ■ ■ 

and deliver it to another location. For example, in the illustrated embodiment of Figure 1, the 
power module 440 of the first connector 80 receives power from the switch 20 and provides 
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the power to one or more components of the system board 30 or the I/O board 35 through the 
second connector 82. That is, in one embodiment, the second connector 82 may include a 
corresponding power module (not shown) that receives the power from the power module 
440 of the first connector 80 and delivers it to control units 315 of the system board 30 or 
controllers 320 of the I/O board 35. The power module 440 may, for example, be capable of 
delivering higher- voltage signals than the first set 515 of electrical connectors of the wafer 



410 (see Figure 5 A). In one embodiment, the power module 440 may deliver about a 48-volt 



signal, while the first set 515 of electrical connectors may deliver signals of lower voltages, 



The first connector 80 allows one or more boards (e.g., the system board 30, the I/O 
board 35, expansion board 40, system control board 15(1-2)) to be parallelly coupled, which 
may offer system designers the added flexibility of orienting the coupled boards in a manner 
that fit server cabinets that are of various shapes and sizes. In some instances, from a 
transportability perspective, it may be advantageous to parallelly couple boards to construct a 
system that is longer than it is wider (e.g., as opposed to a squared-shaped system). This is 
because a rectangular-shaped system 10 may more readily pass through a variety of hallways, 
doors, elevator openings, and other entrances, which may not have otherwise been possible. 

One or more embodiments of the first connector 80 maybe compatible with one or 
more of the standard right angle female connectors. The first connector 80, in one 
embodiment, may emulate a standard vertical backplane connector in fit and function. 
Furthermore, the first connector 80, in one embodiment, may be a high-performance 
connector. 




such as 2-4 volts. 
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The particular embodiments disclosed above are illustrative only, as the invention 
may be modified and practiced in different but equivalent manners apparent to those skilled 
in the art having the benefit of the teachings herein. Furthermore, no limitations are intended 
to the details of construction or design herein shown, other than as described in the claims 
below. It is therefore evident that the particular embodiments disclosed above may be altered 
or modified and all such variations are considered within the scope and spirit of the invention. 
Accordingly, the protection sought herein is as set forth in the claims below. 
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